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DOCUMENT-IDENTIFIER: US 4654592 A 

TITLE: Concurrent NMR analysis of multiple samples 



Abstract Text (1) : 

Mui.tiple concurrent sample processing in a single spectrometer is accomplished for 
the respective situation of (a) samples of strongly dissimilar character and (b) 
samples of similar character. For the class (a) samples yielding non-superimposed 
line spectra are axially separated by susceptability matched delimiters in a sample 
tube and analyzed in a conventional spectrometer. For the class (b) , resonance 
response from axially separated samples induce signals in respective observe coils 
similarly spaced along the axis of said sample tube. Plural samples disposed in 
non-colinear parallel alignment are also treated in this manner. 

INVENTOR (1) : 
Zens; Albert P. 

Brief Summary Text (2) : 

The present invention is in the field of nuclear magnetic resonance apparatus and 
relates particularly to the concurrent analysis of multiple discrete samples . 

Brief Summary Text (4) : 

In the prior art nuclear magnetic resonance analysis has, in particular instances 
been directed at composite samples for concurrent measurement. For example, it has 
been known to employ multiple discrete samples to construct phantoms for NMR 
imaging studies. In one typical example such a phantom comprises several sample 
tubes arranged with axes parallel with and subject to an inhomogeneous magnetic 
field of controlled gradient. Spatial discrimination is the object of such 
apparatus and the output derived is proportional to spatial coordinates describing 
the density distribution of the discrete samples (of identical composition) forming 
the phantom. All samples in such instance are of a single common substance for 
which the resonance frequency varies in accord with the field gradient. 

Brief Summary Text (5) : 

It is also known in the prior art to extract data from an observe channel and a 
lock channel of an NMR spectrometer. In one class of experiment a calibration 
substance is intermixed in the sample ("internal reference' 1 ) as described in U.S. 
Pat. Nos. 3,427,532 and 3,530,371. The samples are not "discrete" because it is 
desired to obtain field sampling distributed over the same volume as occupied by 
the sample of interest. In another class of lock channel apparatus the signal from 
a calibration substance is separately analyzed ("external reference") to produce a 
field-frequency control signal for maintaining a constant ratio of polarizing field 
to excitation frequency. Examples of this type of lock channel apparatus are U.S. 
Pat. Nos. 3,495,162 and 3,434,043. For both internal and external references, it is 
important to recognize that this known substance is a reference and not subject to 
"analysis." Rather, the reference provides a signal for actuating a control loop. 
In the context of lock channel systems, a reference provides a decidedly known 
spectral feature, the position of which is fixed by definition for the known lock 
system, and the spectral response of the instrument for the analyte is affected by 
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the lock channel. Thus, the reference and the sample spectral responses are not 
each free to vary independently. 

Drawing Description Text (2) : 

FIG. 1 is a simple block diagram of an impulse NMR spectrometer. 
Drawing Description Text (3) : 

FIG. 2 shows a multiple discrete sample tube for analysis in the present invention. 



Drawing Description Text (8) : 

FIGS. 5 (a) -(c) show the solvent line detail on an expanded scale. 
Drawing Description Text (9) : 

FIG. 6 shows an arrangement for spinning multiple parallel non-colinear aligned 

samples . 

Detailed Description Text (2 ) : 

The context of the present invention is best described with the aid of FIG. 1 which 
depicts a simplified block diagram of a typical NMR analysis system. A high field 
superconducting magnet 31 is housed in a cryostat which features a room temperature 
bore 30 in which a probe module 32 is located. Secured to the top of the probe 
module is a spinner assembly 33 which receives a sample tube 80. Spinner assembly 
33 supports the high speed rotation of the sample tube in the axial magnetic field 
of superconducting magnet 31 , such spinning implemented through pressurized air 
supply 34 connected to the spinner to provide rotation thereto. An RF 
transmitter/receiver and signal processor 35 is connected to the probe subsystem 
32, which probe includes means, not shown, for exciting and detecting resonance 
spectra of a sample in the sample tube. The signal processor also includes means 
for deriving and displaying the spectral distribution of a sample under examination 
as indicated schematically by display means 36. 

Detailed Description Text (4) : 

Where the samples for analysis are analytically similar, it is preferred that the 
separate sample spaces be separately addressed by corresponding sample coils as 
indicated in the embodiment of FIG. 3. The separate coils 86A and 86B define 
respective receiving channels comprising RF amplifiers 88A and 88B, phase sensitive 
detectors 90A and 90B and analog-to-digital converters 92A and 92B. It is then 
convenient for the processor to read the respective latched ADC outputs in turn and 
perform respective processing in turn. RF oscillator 94 provides excitation 
commonly to each coil through appropriate duplexers 96A and 96B. It is recognized 
that excitation may be supplied to a single excitation coil comprehending the 
several sample spaces and respective observe coils. It is apparent that separate 
spectra corresponding to the respective samples are the result of the multiple 
analyses of FIG. 3 apparatus. 

Detailed Description Text (5) : 

In another embodiment, samples of sufficiently disparate character are presented 
for concurrent analysis utilizing a sample tube 80 in the manner of FIG. 2 placed 
in an otherwise conventional spectrometer comprising a single observe coil to 
geometrically span the several sample spaces. The signals are mixed in the observe 
coil and the receiver channel will, upon Fourier transformation, exhibit a super 
position of the spectra. An example of this embodiment is shown in FIGS. 4{a-c). 
FIG. 4(a) is a conventionally obtained spectrum of 2-Chloronapthalene is deuterated 
chloroform and FIG. 4(b) is a similarly obtained spectrum of menthol in the same 
solvent . Using a sample tube of the structure of FIG. 2 the respective samples are 
placed in corresponding cells defined by plugs 84 (here, Vespel type polylmide) and 
the combined spectrum of FIG. 4(c) is obtained without re-shimming of the 
spectrometer magnet. The data of FIGS. 4 (a) - (c) in the vicinity of the solvent 
lines are shown on an expanded ordinate in FIGS. 5 (a) -(c) respectively. The 
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difference between the multiple sample spectrum (FIG. 5(c)) and either single 
sample spectrum is not notably more pronounced than is the difference between the 
two single sample spectra. In particular, no doubling of individual spectral lines 
is observed. FIG. 5(c) may be compared to either of 5(a) and 5(b) to show that 
tails of the peaks are not significantly emphasized in the composite solvent peaks. 
Consequently, local distortion of the magnetic field (due to the plugs 84) is 
almost unobservable. It is apparent that sample pairs selected to yield well 
separated discrete spectral lines in the superposed spectra will have little effect 
upon one another for many analytical purposes. 

Detailed Description Text (6) : 

The above description has shown and discussed axial ly aligned multiple ....sample 
arrangements. Multiple samples can also be disposed in parallel non-colinear 
alignment with the practice of the present invention. In such parallel aligned 
geometry, a radial inhomogeneity is inherently introduced in the sample space. The 
magnitude of the effect is dependent on many parameters and the susceptibilities of 
the substances forming the sample and sample tubes, but for the general situation 
averaging of the inhomogeneity can be accomplished by spinning. In parallel aligned 
geometry the individual samples are adapted to rotate about their respective axes 
to average a local azimuthal inhomogeneity as to each sample due to the adjacent 
sample. An example of spinning apparatus to accomplish concurrent spinning of 
individual samples about their respective axes is shown in FIG. 6. A common stator 
housing 105 supports respective rotors 107 and 109 on an airbearing supplied 
through jets 110-114. The stator housing 105 includes inserts 106 (and 106 1 ) 
forming plenum 108 (and 108') . The sample tubes 116 and 118 are spun in standard 
fashion through the action of drive gas from jet 115 on the turbine portion 117 and 
117* of the respective samples. The details for construction of airbearing spinners 
is beyond the scope of the present invention. The discussion of such apparatus is 
contained in U.S. Pat. No. 4,275,350, commonly assigned. 

Detailed Description Text (7) : 

Parallel (non-colinear) aligned mui.tijDj.e^ may again be arranged for 

superposition of the resonant signals in a common observe coil or alternatively in 
a multi-channel arrangement whereby separate sample signals are processed through 
respective observe coils and corresponding channel processing similar to that of 
FIG. 3. 

Detailed Description Text ( 8 ) : 

The present invention provides economical utility of NMR spectroscopy facilities, 
expanding the use of same. Throughput, as measured by the rate at which samples can 
be processed, is increased by the parallel concurrent data acquisition of plural 
samples . 

Other Reference Publication (1) : 

Banas, "Multi-Cloistered" , NMR Cells, Applied Spectroscopy, vol. 23, No. 1, 1969. 
CLAIMS : 

1. Nuclear magnetic resonance apparatus for concurrent analysis of discrete samples 
of disparate character comprising: 

high resolution nuclear m^netijc ...resonance analysis apparatus, 

a sample tube adapted to support said samples in axial alignment, each said sample 
comprising a solvent and all said solvents exhibiting substantially similar volume 
magnetic susceptability, adjacent said samples separated by a delimiter comprising 
a material selected to substantially match the volume magnet susceptability of 
adjacent solvents . 

2. Nuclear magnetic resonance apparatus for concurrent analysis of discrete samples 
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of similar character comprising: 

nuclear magnetic resonance analysis apparatus comprising a source of excitation 
energy and means for common application thereof to said plurality of samples, a 
plurality of signal detection channels, 

a sample tube adapted to support said plurality of samples in axial alignment, each 
said sample comprising a solvent and all said solvents exhibiting substantially 
similar volume magnetic susceptability, adjacent said samples separated by a 
delimiter comprising a material selected to substantially match the volume ""magnetic 
susceptability of adjacent sai d solvents, 

said plurality of signal detection channels comprising a first plurality of observe 
coils each arranged to couple to respective said samples, each said coil 
communicating with respective RF processing apparatus whereby signals from 
respective samples are separately processed to obtain therefrom respective 
resonance spectra. 

3. Nuclear magnetic resonance apparatus for a concurrent analysis of discrete 
samples comprising: 

nuclear magnetic ..resp^nance analysis apparatus comprising excitation means for 
common application thereof to said plurality of samples, 

a plurality of signal detection channels for analyzing each of said plurality of 
samples, 

a plurality of sample tubes adapted to support said plurality of samples in 
parallel non-colinear alignment of said sample tubes, each said signal detection 
channel comprising an observed coil for coupling said signal channel to a 
respective one of said plurality of samples. 
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